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ABSTRACT 


K. W. Shyu (1970) Effect of Administration of Estradiol on the Keratinization of 
the Interdental Epithelium of Rats. Bull. Inst. Zool.,. Academia Sinica 9:(2) 63-68. The 
effect of administration of estradiol on the keratinization of the interdental epithelium - 
was studied with female Long-Evens rats treated with daily injection of 2 or 10ug of 
estradiol dipropionate or the vehicle. Vaginal smears of each rat were examined 
everyday before and after injections to obtain the data on keratinized cells as a 
criterion for analysis. The rats were successively sacrificed in 67 days. Their 
interdental tissues were cut into buccolingual sections for microscopic examination. 
The interdental gingivae between two contiguous teeth was always found col in shape 
and nonkeratinized regardless of the administration of estradiol, while oral mucosae 
were heavily keratinized. Various degrees of metaplastic proliferation, parakeratosis 
and regressive changes of col epithelium were caused by estradiol injections. The 
characteristic nonkeratnization, low cellular activity of the interdental epithelium and 


their relationship to the initiation of periodontal disease were discussed. 


The interdental epithelium, suspected 
of being the primary site of the initial 
lesion of periodontal disease, has been 
studied in various aspects by the author 
(14-21). The results support the postulation 
that the interdental epithelium may be the 
most vulnerable site for initiation of peri- 
odontal disease and the nonkeratinization 
of the interdental epithelium is an import- 
ant factor in its vulnerability. 

From these conclusions, it is reasonable 
to deduce that if there is any ‘substance 
which can increase the degree of keratiniza- 
tion of interdental col, the periodontal 


disease could likely be prevented by means 
of this substance. It is well established that 
vitamin A (13) and estrogen (12) are prima- 
rily concerned with the processes of differ- 
entiation and keratinization of epithelial 
tissues. The role of vitamin A in keratiniza- 


tion of interdental epithelium has been 
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studied in this laboratory. It has been shown 
that, in rats, avitaminosis A and hypervit- 
aminosis A do not apparently influence the 
degree of keratinization (18, 20), but cause 
various degrees of squamous metaplasia 
(18) and redifferentiation of the interdental 
epithelium into structures resembling dental 
lamina or enamel organ (20) respectively. 
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The results thus indicate that vitamin A 
may not be related to the pathogenesis of 
periodontal disease. l 

Schultz-Haudt and From (12) indicate 
that estrogen might influence the keratiniza- 
tion of both stratified squamous epithelium 
and nonkeratinized epithelia. The effects of 
hypofunction and hyperfunction of estrogen 
artificially produced by ovariectomy and 
daily injection of different dosages of estra- 
diol is therefore a reasonable continuation 
of the series of studies on interdental 
epithelium. The effect of ovariectomy on 
the interdental epithelium is quite similar 
to that of hypervitaminosis A (21). In this 
study, the effect of the administration of 
estrogen, an agent usually increases kerati- 
nization of epithelial tissues, on the structure 
in question is to be observed for further 
confirmation of the thesis. 


MATERIALS AND METHODS 


Sixty female weaning Long-Evens rats 
of 40-50 g. body weight were fed until 80 
days of age to insure sexual maturity (6). 
The temperature of the animal room was 
adjusted around 20°C. The estrous activity 
and the body weight of the rats were 
watched for four estrous cycles by means 
of vaginal smears, using lavage method and 
Wright stain. They were used as criteria 
for selection of -the experimental animals. 
Thirty rats- were then chosen for the 
experiment. They were, by random, divided 
into three groups of ten. Another four 


estrous cycles were followed. Each rat was. 


then given a daily injection subcutaneously 
with the materials prepared as follows: 
Group I - 0.05 ml of olive oil. l 
Group H - 24g of estradiol dipropionate 
(CIBA Pharmaceutical Co., Summit, N.J.) 
in 0.05 ml olive oil. 
Group III - 10 4g of estradiol dipropionate 
in 0.05 ml olive oil. 
All the rats were fed with ordinary 
diet (chicken diet, Taiwan Sugar 


Co., 


Taipei, Taiwan). Vaginal smears of each rat 
were studied daily. The percentages of the 
keratinized cells in the smears were record- 
ed in curves throughout the experiment.. 

From the 8th day following the first 
injection, the rats were sacrificed successive- 
ly, two or three of each group ata time, 
at intervals of two weeks. All the animals 
were sacrificed in 67 days. 

Both jaws of the experimental animals 


-were dissected immediately after sacrifice. 


The pertinent tissues were cut into small 
blocks, including at least two teeth, in situ, 


‘in each block. Paraffin sections of the 


interdental col of each block had been done 
after decalcification, and hematoxylin-eosin 
and modified Mallory’s method (18) were 
employed for staining. The sections and the 
vaginal smears prepared during the pre- and 
post-injection periods were examined 
microscopically and analysed. 


RESULTS 


The percentage of keratinized epithelial 
cells in the vaginal smears of the three 
groups of rats before the injection of 
estradiol presented curves of similar regular 
changes (Fig. 1) as normal estrous cycles. 
After the treatment, the percentage of 
keratinized cells in the vaginal smears of 
group I rats (the controls) still followed the 
regular normal curve (Fig. 1, curve I). But 
group JI and group E rats presented 
irregular curves (Fig. 1, curves T and If) 
whicn were shortened and mostly located 
in the upper portion of the regular curve. 
That is to say, their diestrous stages 
shortened and estrous stages prolonged to 
indicate persistent high percentage of 
keratinized cells in their vaginal smears. 
This was true especially in group M rats 
which were given the larger dose of 
estradiol, 10 wg per rat per day. 

There was no apparent difference among 
the gross appearence of oral tissues of the 


. three groups of rats, nor among their body 
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weight curves. oe 

On microscopical examination of the 
sections, the general appearance of the 
interdental gingivae between two contigu- 
ous teeth was found to be in col shape 
(Fig. 2-7). The reduced enamel epithelium 
covering the interdental cols of all the rats 
was not keratinized (Fig. 2-7). The interden- 
tal epithelium of group I rat was thin, and 
clear in its underlying connective tissues 
(Fig. 2). Various degrees of squamous 
metaplasia and parakeratosis of the inter- 
dental epithelium was found with chronic 
inflammatory infiltration in its connective 
tissue in group II (Fig. 3, 4) and group IU 
(Fig. 5-7). Some fingerlike projections (Fig. 
5, 7) and vacuolization of the interdental 
epithelium (Fig. 6) could be noticed in group 
III rats. In the rats receiving estradiol 
injections, the keratinized layer of the oral 


stratified squamous epithelium became 
thicker (Fig. 3-7). 
DISCUSSION 


In the author’s early investigations (14, 
15, 16, 17) and the studies of other investi- 
gators (2, 3, 4, 8, 22, 23, 24), the morpho- 
logy of the interdental tissues between two 
contiguous teeth is found always col in 
shape and nonkeratinized regardless of the 
different sources of materials and methods 
` used. 

_ Recently, the author has performed 
studies on interdental epithelium of rats 
under various experimental conditions, such 
as, avitaminosis A (18), hypervitaminosis A 
(20), ovariectomy (21) and administration of 
estrogen in this study. The morphology of 
the interdental tissues in all of these stud- 
ies are in harmony with the previous find- 
ings, and the degree of keratinization of the 
interdental epithelium is found unchangeable 
under different experimental conditions (18, 
20, 21). , e 
It is well established that estrogens 
have many other functions, besides their 


influence on sexual organs and secondary 
sexual characteristics, such as keratinization 
of epithelium and collagenogenesis, etc. (1, 
5, 7). In rats, estrogens induce estrus. The 
state of estrus may be most sensitively 
detected by the presence of keratinized cells 
in the vaginal smears (5) as the author has 
done in this study. The estrous cycle of 
normal rat, as described by Long and Evens, 
extends over four or five days, and is divid- 
ed into five periods (6) which can be 
observed in the control group of this study 
(Fig. 1, curve I). 

The curve of keratinized cells in vagina 
smears of group II rats (Fig. 1, curve ID 
apparently indicates that the estradiol 
injections have induced continuous estrous 
stage. However, physiologically, the high 
concentration of estradiol in blood soon 
provoke the feedback reaction to reduce the 
secretion of gonadotropic hormones by 
pituitary gland including follicle stimulating 
hormone (11). The decreased concentration 
of FSH in blood may in turn reduce the 
effect of injected estradiol (9). Through this 
mechanism, the persistent estrus ` stage 
induced by the injected estradiol is thus 
moderately modified in group II rats. The 
change is demonstrated in curve II (Fig. 1) 
which locates between curve I and curve 
Ill. Since the dose of estradiol for group 
III rats is quite large, the feedback reac- 
tion to. the pituitary gland can not reduce 
the marked effect of the injected estradiol 
to a degree of modifying its continuous 
stages, that is to say, the curve of keratin- 
ized cells is always high with less up-and- 
down variations (Fig. 1, curve III) as com- 
pared with that of group II rats. The result 
is a curve with longest estrus stages and 
shortest diestrus stages. The curves in 
Fig. 1 indicate an important fact that the ` 
injections of various doses of estradiol have 
caused their expected physiological 
responses. 

Concerning another important function 
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of estrogens, the administration of estradiol 
elicits keratinization of the stratified 
squamous epithelium of gingivae and oral 
mucosae. This phenomenon has been dem- 
onstrated in Richman’s experiment (10) and 
in this study (Fig. 3-7). However, this type 
of keratinization-induction can not be found 
in the interdental epithelium (Fig. 2-7). The 
effects of estradiol on this structure, namely: 
squamous metaplasia, parakeratosis, finger- 
like projections and vacuolization, indicate 
that the interdental epithelium is not kera- 
tinizable, with low cellular activity and less 
capacity of repair than the oral epithelium 
probably due to its vestigial nature (14). 
These characteristic intrinsic weakness of 
the interdental enamel epithelium have been 
repeatedly demonstrated in author’s previous 
studies (14, 15, 16, 17, 18, 20, 21) and in 
this study. This might be the most primary 
etiological factor for the initiation of peri- 
odontal disease, and the nonkeratinization 
can not be corrected by either vitamin A 
(18, 19) or estrogen (21, and this study). 
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Fig. 1. Curves showing the percentage of the keratinized cells in the vaginal smears made 


during pre- and post-injection periods. 


Fig. 2. An interiental col of a rat of 
control group (x 100). 

CT counective tissue, 
OM oral mucosa, T tooth. 


IC interdental col, 


Fig. 8. The interdental col of a group 


II rat. Thick keratinized layer of the buccal 
gingiva may be seen, but the enamel epithelium 
covering the interdental col is not keratinized 
with mild squamous metaplasia and chronic 
inflammatory infiltration (x 100). 
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Fg. 4. 
interdental epithelium and the chronic inflamm- 
atory infiltration of its connective tissue of a 


Metaplastic proliferation of the 


group II rat. Note the heavily keratinized 
lingual alveolar mucosa (x 100). 


Fig. 6. Moderate degree of squamous 
metaplasia and vacuolization of the interdental 
epithelium of a group III rat. Note the 
nonkeratinization of the enamel epithelium and 
hyperkeratosis of the palatal mucosa. (x 109) 


Fig. 5. An interdental col of a group III 
rat showing moderate metaplastic proliferation 
and nonkeratinization of its covering enamel 


epithelium. The buccal alveolar mucosa is 


hyperkeratinized (x 100). 


Fig. 7. The squamous metaplasia, vacuol- 
ization, parakeratosis and finger-like proliferation 
of the interdental enamel epithelium of a group 


III rat. Note the thick keratinized layer of 
the palatal mucosa (x 100). 


